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1
COLLATERAL BLOOD FLOW ASSESSMENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. provisional
application Ser No. 61/285,207 filed Dec. 10, 2009, which is
incorporated herein by reference.

The following generally relates to assessing collateral
blood flow in tissue of interest based on imaging data from
one or more imaging modalities such as computed tomogra-
phy (CT), magnetic resonance (MR), positron emission
tomography (PET), single photon emission computed tomog-
raphy (SPECT), x-ray radiography (X-Ray), ultrasound
(US), and/or other imaging modalities.

Quantitative or semi-quantitative measurements of arterial
blood flow and tissue perfusion provide information that can
be used for stroke prevention, diagnosis, therapy decision,
and outcome control. Collateral blood flow, which is blood
flow through smaller arterial pathways that connect neighbor-
ing regions primarily supplied by different major arteries, has
been identified as information that can be used to predict
acute stroke outcome and to assess risk for patients with
carotid stenosis.

While potentially beneficial for risk indication of carotid
stenosis and a predictor of acute stroke outcome, the smaller
collateral pathways have not been and generally are not well-
suited to be imaged for such applications. Rather, static
angiogram images, which provide measurements of intra-
arterial lumen, arterial blood flow or velocity measurements,
and tissue perfusion images are visually assessed and ana-
lyzed sequentially. Unfortunately, information on the amount
of collateral inflow to perfuse tissue in an affected territory is
not presently available from imaging data.

Conventionally, a static rating for collateral flow can be
determined in perfusion territories with a completely
occluded major feeding artery. For these cases, the amount of
contrast agent visible in vessels behind a complete occlusion
provides information on collateral inflow into this territory.
More particularly, a presence of contrast agent downstream
from a complete occlusion indicates collateral flow, and an
absence of contrast agent downstream from a complete occlu-
sion indicates lack of collateral flow.

Aspects of the present application address the above-ref-
erenced matters and others.

According to one aspect, a method includes obtaining both
first inflow and first perfusion metrics for non-healthy tissue
of interest, obtaining both second inflow and second perfu-
sion metrics for healthy tissue of interest, and concurrently
presenting both the first flow and perfusion metrics for the
non-healthy tissue of interest and both the second flow and
perfusion metrics for the healthy tissue of interest.

In another embodiment, a method includes obtaining both
first inflow and first perfusion metrics for the non-healthy
tissue of interest and both second inflow and second perfusion
metrics for healthy contralateral tissue of interest, computing
a relative inflow metric based on the inflow metrics of the
non-healthy and the healthy contralateral tissue of interest
and a relative perfusion metric based on the perfusion metrics
of the non-healthy and the healthy contralateral tissue of
interest, and generating a signal indicative of a collateral
grading score based on the relative inflow and perfusion met-
rics.

In another embodiment, a system includes an imaging data
supplementor that supplements imaging data of non-healthy
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2

tissue of interest and healthy tissue of interest with inflow and
perfusion metrics for the non-healthy tissue of interest and the
healthy tissue of interest.

The invention may take form in various components and
arrangements of components, and in various steps and
arrangements of steps. The drawings are only for purposes of
illustrating the preferred embodiments and are not to be con-
strued as limiting the invention.

FIG. 1 illustrates an example collateral flow analyzer that
analyzes collateral flow of non-healthy (diseased or at-risk)
tissue based on inflow and perfusion metrics of both the
non-healthy tissue and healthy contralateral tissue and/or a
collateral grading score based thereon.

FIG. 2 illustrates an example method for assessing collat-
eral flow based on inflow and perfusion metrics for both
non-healthy tissue and healthy contralateral tissue.

FIG. 3 illustrates an example method for assessing collat-
eral flow based on a collateral grading score determined from
both inflow and perfusion metrics for non-healthy tissue and
healthy contralateral tissue.

The following generally relates to assessing collateral
blood flow (which is blood flow in smaller vessels that can
support a main vessel such as an artery in supplying blood to
tissue) based on imaging data. As described in greater detail
below, in one instance this includes presenting both an inflow
(into a feeding artery) metric and a local tissue perfusion
metric for both non-healthy tissue (e.g., diseased tissue or at
risk tissue) and healthy contralateral tissue (i.e., healthy tissue
of the same type) with or without the imaging data, and/or
generating a collateral grading score based thereon indicative
of the collateral blood flow. The metrics and/or score can be
used in connection with assessing an acute ischemic event
and/or risk of such an event in the future.

For sake of brevity and explanatory purposes, the follow-
ing is described in the context of brain tissue. Generally, the
brain consists of left and right hemispheres, and inflow in both
hemispheres is substantially similar and perfusion in both
hemispheres is substantially similar. Hence, inflow and per-
fusion in a healthy hemisphere can be used as a reference for
inflow and perfusion in a non-healthy (e.g., diseased tissue or
at risk tissue) hemisphere, such as a hemisphere affected by
stroke. As such, for the below discussion, non-healthy tissue
generally refers to a hemisphere or a certain region in a
hemisphere of the brain affected by stroke and healthy con-
tralateral tissue generally refers to the other (non-affected)
hemisphere or the corresponding region of the brain. Prefer-
ably, such a region is a perfusion territory that receives its
main blood supply from one distinct artery.

However, it is to be appreciated that the following is not
limited to brain tissue or tissue affected by stroke. For
example, inflow and perfusion of the healthy hemisphere of
the brain can be replaced or supplemented with inflow and
perfusion of healthy non-brain tissue with inflow and perfu-
sion characteristics similar to that of the inflow and perfusion
characteristics of the brain. In addition, collateral blood flow
for other (non-brain) non-healthy tissue can be similarly
assessed based on brain tissue or other tissue with inflow and
perfusion characteristics similar to the inflow and perfusion
characteristics of the tissue under study (the tissue of inter-
est).

FIG. 1 illustrates an example collateral flow analyzer 100.

As shown, the collateral flow analyzer 100 can obtain
and/or receive imaging data from various imaging modalities
such as computed tomography (CT), magnetic resonance
(MR), positron emission tomography (PET), single photon
emission computed tomography (SPECT), x-ray radiography
(X-Ray), ultrasound (US), and/or other imaging modalities.
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Examples of suitable imaging data include, but are not limited
to, one or more of contrast-enhanced CT data, CTA data,
contrast-enhanced MRI data, MRA data, SPECT data, PET
data, Doppler Ultrasound data, interventional X-ray data,
and/or other imaging data.

A tissue identifier 102 identifies tissue of interest in the
imaging data. The illustrated tissue identifier 102 identifies
such tissue based on a signal representing a predetermined
tissue type selected via user input, a default parameter, a
selected imaging protocol, etc. By way of example, in one
instance the predetermined tissue type is brain tissue, for
example, of a stroke patient undergoing a stroke study. In this
instance, the predetermined tissue may include both stroke
affected brain hemisphere (disease tissue or at-risk tissue) and
the healthy (non stroke affected) brain hemisphere.

The tissue identifier 102 can employ various algorithms for
identifying the tissue of interest in the imaging data. Suitable
examples include, but are not limited to, automatic segmen-
tation, semi-automatic segmentation, manual (user interac-
tive) segmentation, model based registration (e.g., registra-
tion to atlas data), images fused with anatomical image data
of the same field of view, and/or other segmentation tech-
niques. The geometry of arteries and/or other anatomical
structure and their respective perfusion territories can be
determined from CTA data, MRA data, and/or other data that
includes similar information.

A volume flow determiner 104 determines arterial blood
volume inflow (Q) (and/or velocity (v)) for the identified
tissue, including for both the healthy and the non-healthy
(affected or at-risk) brain hemispheres. Such information can
be determined from Doppler ultrasound, phase-contrast MR,
other MR, interventional X-ray (e.g., blood flow estimates
from arterial contrast agent concentration), and/or other
imaging data. In another embodiment, the volume flow deter-
miner 104 is omitted, and the blood inflow information is
determined by and/or obtained from an apparatus or memory
remote from the collateral flow determiner 104.

A perfusion determiner 106 determines local tissue perfu-
sion (P), such a cerebral blood flow (CBF), for the identified
tissue, including both the healthy and the non-healthy (af-
fected or at-risk) brain hemispheres. The local tissue perfu-
sion can be determined from dynamic, contrast-enhanced CT,
dynamic, contrast-enhanced MRI, non-contrast-enhanced
MRI, SPECT, PET, and/or other imaging data. An average
local perfusion for the healthy and non-healthy tissue can be
determined as a mean or median value from the correspond-
ing segmented imaging data. Likewise, in another embodi-
ment, the perfusion determiner 106 is omitted, and local
tissue perfusion information is determined by and/or obtained
from an apparatus or memory remote from the collateral flow
determiner 104.

An imaging data supplementor 108 supplements the seg-
mented imaging data from the tissue identifier 102 and/or the
imaging data with the inflow and perfusion information. In
one instance, this includes generating a color map or the like
with different colors corresponding to different flow and per-
fusion values, and the color map is overlaid or superimposed
over the segmented image data and/or image data. Addition-
ally or alternatively, a numerical value corresponding to the
flow and perfusion map is overlaid or superimposed over the
segmented image data and/or image data. Additionally or
alternatively, other approaches for supplementing imaging
data are also contemplated herein.

A score determiner 110 determines a collateral grading
score, or a signal indicative thereof, based on the inflow and
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4

perfusion information. For the collateral grading score, the
score determiner 110 computes a relative inflow metric

Qeonira = @
A

Qcontra

which indicates a reduction in inflow in the non-healthy tissue
relative to the healthy tissue, and a relative perfusion metric

Peontra — P
>

Peontra

which indicates a reduction in perfusion in the non-healthy
tissue relative to the healthy tissue.

From these metrics, the score determiner 110 determines a
collateral grading score C based on EQUATION 1:

 Qeontra =@ Peontra — P EQUATION 1

Qcontra

C

Pcontra

which compares the reduction of arterial inflow in the non-
healthy tissue to the reduction of tissue perfusion (if any) in
the non-healthy tissue based on the inflow in the healthy
tissue and the perfusion in the healthy tissue.

With Equation 1, C=0 where the reduction in perfusion in
the non-healthy tissue is proportional to the reduction in
inflow in the non-healthy tissue. This indicates no or substan-
tially no collateral flow. Where perfusion in the healthy and
non-healthy tissue is the same, a score C in the range of
0<Cx=1 indicates a fraction of the inflow of the non-healthy
tissue that is provided by collateral pathways.

A score analyzer 112 analyzes the score C based on a set of
rules in a rules bank 114 and generates a signal indicative of
the analysis. For example, a rule may indicate that where C=0
the score analyzer 112 generates a signal indicating that col-
lateral flow is non-existent or substantially non-existent (as
the reduction in inflow for the non-healthy tissue is followed
by an equal reduction in perfusion for the non-healthy tissue).
Another rule may indicate that where C=X (wherein 0<X=<1)
the score analyzer 112 generates a signal indicating that the
fraction of the normal inflow provided by collateral flow is X
% of the normal flow (as the reduction in inflow for the
non-healthy tissue is greater than the reduction in perfusion
for the non-healthy tissue). The rules bank 114 may addition-
ally or alternatively include other rules.

The supplemented imaging data, the supplemented seg-
mented imaging data, the inflow metrics, the perfusion met-
rics, the collateral grading score, the results of the analysis,
and/or other information can be provided to one or more
output devices 116, including, but not limited to, a display
118, local storage 120, a data repository 122 (e.g., a RIS
and/or HIS), a filmer 124, and/or other output device.

The display 118 can present various information. In one
instance, the segmented imaging data for the healthy and
non-healthy tissue are concurrently presented respectively
along with corresponding inflow and perfusion information
such as color maps, numerical values, etc. Such a presentation
allows a clinician to visually observe flow and perfusion
information for the healthy and non-healthy tissue. This
allows the clinician to compare inflow to both healthy and
non-healthy tissue and perfusion of the healthy and non-
healthy tissue.
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This may allow the clinician to assess collateral flow of the
non-healthy tissue. By way of example, where the inflow of
the non-healthy tissue is less than the inflow of the healthy
tissue and the perfusion for both tissues is the same or about
the same, this information indicates that the collateral flow for
the non-healthy tissue is compensating for the decrease
inflow. The comparison, depending on the inflow and perfu-
sion data, may indicate other information.

In view of the foregoing, a clinician can assess collateral
flow of the non-healthy tissue, for example, where there is a
reduction in inflow between the healthy tissue and non-
healthy tissue but either no reduction in perfusion or a reduc-
tion in perfusion in the non-healthy tissue that is less than the
reduction in inflow in the healthy tissue and/or for other
situations. Additionally or alternatively, the score C is pre-
sented via the display 118, providing similar information
regarding the collateral flow. The score provides the clinician
with a value indicative of the collateral flow. Additionally or
alternatively, the result of the analysis is presented via the
display 118, providing similar information regarding the col-
lateral flow.

It is to be appreciated that the illustrated collateral flow
analyzer 100 can be part of a computing system that includes
one or more processors that execute computer readable
instructions encoded in computer readable storage medium
thereof.

FIGS. 2 and 3 illustrate various methods. It is to be appre-
ciated that the acts described in the methods are for explana-
tory purposes and not limiting. For example, one or more of
the methods may include more or less acts, including differ-
ent acts. In addition, one or more acts of one or more of the
methods may occur in a different order that listed. Moreover,
one or more of the methods may be combined.

Initially referring to FIG. 2, a method for assessing collat-
eral flow based on inflow and perfusion metrics for non-
healthy tissue (diseased or at-risk tissue) and healthy con-
tralateral tissue is illustrated.

At 200, various imaging is obtained as described above.

At 202, non-healthy (diseased or at-risk) tissue is seg-
mented from the imaging data as described above.

At 204, healthy contraleral tissue is segmented from the
imaging data as described above.

At206, inflow and perfusion metrics are determined for the
non-healthy tissue.

At208, inflow and perfusion metrics are determined for the
healthy contralateral tissue.

At 210, the inflow and perfusion metrics are presented
respectively for the non-healthy and healthy contralateral
tissue.

Optionally, at 212, the inflow and perfusion metrics are
superimposed or overlaid over the imaging data and/or seg-
mented imaging data for the non-healthy and healthy con-
tralateral tissue.

Turning to FIG. 3, a method for generating a collateral
grading score is illustrated.

Initially referring to FIG. 2, a method for assessing collat-
eral flow based on a collateral grading score determined from
both inflow and perfusion metrics for non-healthy tissue (dis-
eased or at-risk tissue) and healthy contralateral is illustrated.

At 300, various imaging is obtained as described above.

At 302, non-healthy tissue and healthy contralateral tissue
are segmented from the imaging data.

At 304, flow and perfusion metrics are determined for the
non-healthy tissue and the healthy contralateral tissue based
on the segmented imaging data.

At 306, a collateral grading score is computed for the
non-healthy tissue based on the flow and perfusion metrics.

6

The collateral grading score provides an indication of the
amount of the total inflow being provided by collateral flow.
At 308, the collateral grading score is presented, with or
without the imaging data.
5 The acts described herein may be implemented by way of
computer readable instructions, which, when executed by a
computer processor(s), causes the processor(s) to carry out
the acts described herein. In such a case, the instructions are
stored in a computer readable storage medium such as
memory associated with and/or otherwise accessible to the
relevant computer.

Although the above is describe in connection with a CT
scanner, it is to be appreciated that the above also applies to
non-CT imaging applications in which a pre-scan image is
used to plan a series of image acquisitions where patient
movement may result in planned FOV no longer being a
desired FOV. Examples of such imaging applications include
but are not limited to MRI, interventional X-ray, and/or other
imaging applications.

The invention has been described herein with reference to
the various embodiments. Modifications and alterations may
occur to others upon reading the description herein. It is
intended that the invention be construed as including all such
modifications and alterations insofar as they come within the
25 scope of the appended claims or the equivalents thereof.

What is claimed is:

1. A method, comprising:

acquiring, with an imaging apparatus, anatomical imaging

data:

segmenting, with a processor, imaging data corresponding

to non-healthy tissue of interest and healthy tissue of
interest from the anatomical imaging data
determining, with the processor, both first inflow and first
perfusion metrics for the non-healthy tissue of interest;

determining, with the processor, both second inflow and
second perfusion metrics for the healthy tissue of inter-
est;

computing, with the processor, a relative inflow metric

based on the inflow metrics of the non-healthy and the
healthy tissue of interest;

computing, with the processor, a relative perfusion metric

based on the perfusion metrics of the non-healthy and
the healthy tissue of interest;

generating, with the processor, a collateral grading score

based on the relative inflow metric and the relative per-
fusion metric by subtracting the relative perfusion met-
ric from the relative inflow metric to compute the col-
lateral grading score; and

concurrently presenting both the first inflow and perfusion

metrics for the non-healthy tissue of interest and both the
second inflow and perfusion metrics for the healthy tis-
sue of interest.

2. The method of claim 1, wherein the healthy tissue of
55 interest and the non-healthy tissue of interest have substan-
tially similar inflow and perfusion characteristics.

3. The method of claim 1, further comprising:

concurrently presenting the inflow and perfusion metrics

respectively with corresponding imaging data for the
non-healthy and the healthy tissue of interest.

4. The method of claim 3, further comprising:

superimposing both the first inflow and first perfusion met-

rics and the imaging data of the non-healthy tissue of
interest; and

superimposing both the second inflow and second perfu-

sion metrics and the imaging data of the healthy tissue of
interest.

35

40

45

50

60

65



US 9,125,616 B2

7

5. The method of claim 4, wherein the first and second
metrics are superimposed as color maps with colors corre-
sponding to an amount of inflow and perfusion.

6. The method of claim 1, wherein the first and second
inflow respectively are arterial blood volume inflow into a
first artery feeding the non-healthy tissue of interest and a
second artery feeding the healthy tissue of interest.

7. The method of claim 6, wherein the relative inflow
metric indicates a reduction in inflow in the non-healthy
tissue relative to the healthy tissue of interest.

8. The method of claim 1, wherein a collateral grading
score of zero indicates that a reduction in perfusion in the
non-healthy tissue is proportional to a reduction in inflow in
the non-healthy tissue, thereby indicating substantially no
collateral flow.

9. The method of claim 1, wherein a collateral grading
score in a range from about zero to one indicates collateral
flow in the non-healthy tissue.

10. The method of claim 9, wherein a collateral grading
score value within the range indicates a fraction of inflow of
the non-healthy tissue that is provided by collateral pathways.

11. The method of claim 1, wherein the non-healthy tissue
is diseased or at risk brain tissue and the healthy tissue is
normal brain tissue.

12. A system, comprising:

an imaging apparatus configured to acquiring anatomical

imaging data; and

a processor configured to:

segment imaging data corresponding to non-healthy tis-
sue of interest and healthy tissue of interest from the
anatomical imaging data;

determine both first inflow and first perfusion metrics for
the non-healthy tissue of interest;

determine both second inflow and second perfusion met-
rics for the healthy tissue of interest;
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compute a relative inflow metric based on the inflow
metrics of the non-healthy and the healthy tissue of
interest;

compute a relative perfusion metric based on the perfu-
sion metrics of the non-healthy and the healthy tissue
of interest;

generate a collateral grading score based on the relative
inflow metric and the relative perfusion metric by
subtracting the relative perfusion metric from the rela-
tive inflow metric to compute the collateral grading
score; and

concurrently present both the first inflow and perfusion
metrics for the non-healthy tissue of interest and both
the second inflow and perfusion metrics for the
healthy tissue of interest.

13. The system of claim 12, wherein the processor concur-
rently presents the inflow and perfusion metrics respectively
with corresponding imaging data for the non-healthy and the
healthy tissue of interest.

14. The system of claim 12, wherein the processor super-
imposes both the first inflow and first perfusion metrics and
the imaging data of the non-healthy tissue of interest and
superimposes both the second inflow and second perfusion
metrics and the imaging data of the healthy tissue of interest.

15. The system of claim 14, wherein the first and second
metrics are superimposed as color maps with colors corre-
sponding to an amount of inflow and perfusion.

16. The system of claim 12, wherein the first and second
inflow respectively are arterial blood volume inflow into a
first artery feeding the non-healthy tissue of interest and a
second artery feeding the healthy tissue of interest.

17. The system of claim 12, wherein the non-healthy tissue
is diseased or at risk brain tissue and the healthy tissue is
normal brain tissue.



